M
anagement of hypertension during acute intracerebral hemorrhage (ICH) is controversial. Hematoma expansion may be attenuated by acute blood pressure (BP) reduction, but concern persists that cerebral autoregulation may be impaired after ICH, making perfusion of the brain passively dependent on BP.
1,2 Perihematoma tissue is moderately hypoperfused [3] [4] [5] [6] [7] and, therefore, may be vulnerable to BP reduction. In the Intracerebral Hemorrhage Acutely Decreasing Arterial Pressure Trial (ICH ADAPT), BP reduction did not affect post-treatment cerebral blood flow (CBF). 8 In this substudy, we assessed cerebral autoregulation with before and after BP treatment CBF measurements. We hypothesized that CBF would remain stable.
Methods
The ICH ADAPT protocol (clinicaltrials.gov NCT00963976) has been described previously. 9 Briefly, patients with ICH presenting within 24 hours of onset were randomized to a target systolic BP (SBP) of <150 or <180 mm Hg, followed by computed tomography perfusion (CTP) imaging 2 hours later. Patients in this observational substudy underwent additional CTP scanning before BP treatment. Each CTP was acquired with 40 mL of iodinated contrast, given over 10 seconds, with computed tomography images acquired every second for 50 seconds (80 kvp, 200 mA per image). Patients were not enrolled consecutively. Only those with normal renal function and stable neurological status underwent 2 CTP scans. Another 5 patients were studied 24 to 72 hours after onset. Those with baseline SBP >150 mm Hg were treated to a SBP target of <150 mm Hg. Patients with SBP of 120 to 150 mm Hg were treated to a target reduction of 10% of baseline. Patients with baseline SBP <120 mm Hg were not treated.
Image postprocessing and region of interest analysis were completed as described previously. 9 The primary end point was the change in relative (r) CBF between baseline and 2-hour scans. Changes in relative and absolute cerebral blood volume, mean transit time, and impulse response time to peak were also measured.
Results
Twenty patients were imaged a median (interquartile range) of 20.2 (25.7; range, 1.5-72.2) hours after onset (Table 1) . Four patients were below target at baseline (SBP<180 mm Hg, n=3; <120 mm Hg, n=1) and were not treated with antihypertensive medication. Mean SBP in treated patients decreased Background and Purpose-Treatment of acute hypertension after intracerebral hemorrhage (ICH) is controversial. In the context of disrupted cerebral autoregulation, blood pressure (BP) reduction may cause decreased cerebral blood flow (CBF). We used serial computed tomography perfusion to test the hypothesis that CBF remains stable after BP reduction. Methods-Patients recruited within 72 hours of ICH were imaged with computed tomography perfusion before and after BP treatment. Change in perihematoma relative (r) CBF after BP treatment was the primary end point. Results-Twenty patients were imaged with computed tomography perfusion at a median (interquartile range) time from onset of 20. Figure) . Adjustment for baseline SBP and hematoma volume did not affect this result. The mean change in absolute CBF was 2.78±11.20 mL/100 g per minute (95% confidence interval, −3.19 to 8.74). Ipsilateral hemispheric rCBF remained stable (pre=0.99±0.07, post=0.96±0.06; P=0.14). Neither perihematoma (pre=37.69±14.40, post=34.91±11.37 mL/100 g per minute; P=0.34) nor ipsilateral hemispheric absolute CBF (pre=40.65±13.10, post=38.85±12.22 mL/100 g per minute; P=0.47) were affected by BP reduction (Table 2) .
Perihematoma rCBF decreased in 7/16 (44%) treated and 3/4 (75%) untreated patients (Fisher exact test; P=0.58). Linear regression in all patients (n=20) indicated no relationship between change in SBP and perihematoma rCBF (β=0.001 [−0.002 to 0.003]; see the online-only Data Supplement).
Discussion
Our results indicate that BP reduction after ICH does not affect cerebral perfusion. The lack of relationship between BP change and CBF over time suggests preserved autoregulation. Two studies of cerebral autoregulation in patients with ICH have been published. 10, 11 A oxygen-15 positron emission tomography study in 14 patients with ICH 6 to 22 hours after onset indicated that a reduction in mean arterial pressure was not associated with changes in CBF, suggesting preservation of autoregulation. 11 A single photon emission computed tomography study in 68 subacute (<1 week after onset) patients with ICH indicated that hemispheric CBF fell modestly with mean arterial pressure reduction, but the effect was seen primarily in those treated with the nonspecific ganglionic blocker trimetaphan. 10 The same fall in CBF was not seen in patients treated with diltiazem, despite a similar BP drop, suggesting a drug-specific effect.
Although we have not assessed the upper and lower limits of cerebral autoregulation in ICH, we have shown that BP reduction does not exacerbate perihematoma hypoperfusion, which is most relevant clinically. Importantly, we have demonstrated that the CBF response to antihypertensive therapy does not vary with baseline BP or magnitude of the pressure change.
The primary limitation of this study is the small sample size, which includes a heterogeneous group of patients with respect to hematoma volume, location (lobar/deep), and time to treatment (2 to 72 hours). Ideally, autoregulation should be studied <6 hours from onset, the period where BP treatment is most likely to be beneficial. A second limitation is selection bias related to neurological stability and renal function. Nonetheless, CBF remains stable in this heterogeneous group of patients with ICH. These findings add further support to the safety of early BP reduction after ICH. Mean±standard deviation, median (interquartile range). CTP indicates CT perfusion; GCS, Glasgow Coma Scale; ICH, intracerebral hemorrhage; and NIHSS, NIH Stroke Scale. 
